Internal carotid artery (ICA) supraclinoid segment aneurysms extending into the sellar region and leading to pituitary dysfunction are a rare occurrence. To date, long-term follow up of pituitary function 2 years post-treatment has never been reported. Herein, we present a case of pituitary dysfunction due to an unruptured ophthalmic segment internal carotid artery aneurysm and report improved 2-year follow-up results. A 76-year-old male presented with disturbed consciousness due to hyponatremia, which was caused by hypoadrenocorticism resulting from pituitary dysfunction complicated by hypogonadism and hypothyroidism. Computed tomography angiography revealed an intracranial aneurysm of the ophthalmic segment of the right ICA with an intrasellar extension. Thus, digital subtraction angiography and coil embolization were performed, followed by hormone replacement therapy. A 2-year follow-up revealed a partial improvement in the pituitary function, including complete restoration of thyroid-stimulating hormone level and other thyroid hormones levels, and partial restoration of testosterone levels, followed by discontinuation of thyroid hormone replacement therapy. However, the mechanisms of such pituitary dysfunction and the effects of various treatments, including clipping and coiling, on different hormones of pituitary function recovery remain unclear. A long-term follow-up of >2 years may elucidate the pituitary function recovery post-treatment and provide a medication adjustment for hormone replacement therapy.
Introduction
The occurrence of intracranial aneurysms extending into the sellar region and resulting in pituitary dysfunction is relatively rare. A large cohort study of more than 4000 patients with hypopituitarism at the Mayo Clinic reported that a prevalence of <0.2% pituitary dysfunction attributed to a sellar aneurysm [1] . To the best of our knowledge, only two cases of an unruptured internal carotid artery (ICA) supraclinoid segment aneurysm leading to pituitary dysfunction have been reported to date [2, 3] . Herein, we present a case, which would be an addition to the previously reported cases of pituitary dysfunction due to an intracranial supraclinoid aneurysm, and report improved results with an extended 2-year follow-up.
Case report
A 76-year-old male was admitted to our hospital because of disturbed consciousness due to hyponatremia two months before admission. His medical history comprised hypertension with good control under medication without diabetes and other complicated diseases. Magnetic resonance imaging (MRI) revealed a sellar mass that was considered to be a large intracranial aneurysm (Fig.  1a) . Computed tomography angiography (CTA) as well as digital subtraction angiography (DSA) revealed a right ICA supraclinoid segment aneurysm (Figs. 1b and 2a) . The patient's endocrine profile suggested a severe decline of testosterone, and decrease of AM cortisol, luteinizing hormone, estradiol, thyroid-stimulating hormone (TSH), free T3 (FT3) and free T4 (FT4; free thyroxine) levels and elevation in prolactin levels (Table 1) . Before admission to our department, the patient received sodium supplement and hormone replacement therapy with hydrocortisone and testosterone at a local hospital, leading to recovery from the disturbed consciousness. In addition, levothyroxine was prescribed for thyroid hormone replacement, and bromcriptine was not prescribed because of marginal elevation of prolactin.
At our hospital, we performed placement of coils into the aneurysm for treatment (Fig. 2b ) 7 days after admission followed by a continued hydrocortisone, levothyroxine, and testosterone replacement therapy. The post-treatment recovery of the patient was unremarkable without any neurological deficit. Furthermore, we performed a 2-year follow-up to check the patient's hormone levels ( Table 1) and observed an improvement in the levels of testosterone (partial), TSH (complete), FT3 (complete), and FT4 (complete), but not in those of other examined hormones. Eventually, levothyroxine was discontinued for complete restoration of thyroid hormone levels.
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Discussion
Previous literature reported that aneurysms projecting into the sellar region account for <2% of all intracranial aneurysms [1] . Hanak et al. [4] classified intrasellar aneurysms into two types: (a) infradiaphragmatic, arising from the cavernous/clinoid segment ICA with medial extension into the sella; and (b) supradiaphragmatic, arising from the ophthalmic segment of ICA or anterior communicating artery with inferomedial extension into the sella. Our presented case belonged to the latter group, arising from the ophthalmic segment of ICA close to the origin of the anterior choroidal artery. In addition, pituitary dysfunction caused by a sellar aneurysm is relatively rare with a reported prevalence of 0.17% in a large cohort of over 4000 patients with hypopituitarism [1] . The aneurysm extended into the carotid cave and suprasellar region resulting in the mechanical compression of the pituitary stalk and gland or vascular compression of the artery supplying the pituitary gland, leading to pituitary ischemia [5, 6] , and causing pituitary dysfunction that manifested in the serum hormone levels of patients. It is reported that the leading endocrine insufficiencies are hyperprolactinemia and hypogonadism [4] , and our patient apparently had hypogonadism and slight hyperprolactinemia, in addition to obvious hypoadrenocorticism and hypothyroidism.
Typically, the treatment of intracranial aneurysms of significant size is challenging, and includes microsurgical operation and endovascular obliteration. Recovery of endocrine function is rare even postoperatively [6] . For the treatment of such aneurysms, clinicians have established clipping of the aneurysm, proximal occlusion or trapping with/without distal bypass, and coiling embolization with or without the assistance of balloon or stent. However, the compression to the pituitary gland persists because of the coils in the aneurysm, thus, necessitating the hormone replacement therapy [7, 8] . A flow diversion device with pipeline stent placement has also been reported for treatment, with a certain rate of major complications such as major ipsilateral thrombosis, intraparenchymal hemorrhage, and neurologic death as well as delayed panhypopituitarism partly caused by a compromised blood supply to the pituitary gland because of the flow diversion to ICA [9] [10] [11] . To date, only two cases of supradiaphragmatic intrasellar aneurysms with pituitary insufficiency have been reported, which were treated by microsurgical clipping followed by resection or pipeline placement respectively [2, 3] . In our case, the aneurysm had a narrow neck, which was suitable for embolization, and the patient was in his advanced age (76 years) at admission; thus, embolization with coils was selected as a prior treatment rather than surgery. In addition, we used coiling alone for treatment without stent placement in our patient.
Heshmati et al. reported that pituitary dysfunction secondary to an intrasellar aneurysm is usually permanent and unlikely to improve despite successful treatment of the aneurysm [1] . A 1-year follow-up of a supradiaphragmatic intrasellar aneurysm did not demonstrate recovery of the pituitary function [2] . Conversely, a 1-month follow-up of another patient with a supradiaphragmatic aneurysm and pituitary insufficiency exhibited excellent recovery with hormone supplementation; however, serum hormone levels were not specified in the follow-up [3] . In addition, an 8-year follow-up of a patient with pituitary dysfunction caused by a giant cavernous carotid aneurysm treated with high-flow bypass demonstrated pituitary function recovery and shrinkage of the aneurysm [12] . In our case, a 2-year follow-up of serum hormone levels performed without an intermediate-stage examination revealed complete or partial improvement of levels of certain hormones such as TSH, FT3, FT4, and testosterone. Notably, the complete restoration of TSH, FT3, and FT4 levels resulted in the discontinuation of levothyroxine administration. However, the mechanism of long-term pituitary dysfunction or the effects of microsurgical and endovascular treatment on the pituitary function recovery remain unclear. In addition, it remains unclear why levels of TSH and thyroid hormones restored to normal compared with those of other hormones. Nonetheless, pituitary hormone replacement could be prescribed with its synthetic equivalents, and reevaluation of hormone levels may suggest the medication adjustment for hormone replacement therapy. Therefore, a longer-term follow-up of >2 years may elucidate the condition of the pituitary function for this patient. In our patient, imaging tests such as CTA or DSA were not performed at follow-up, because of the denial of the family members considering the age of the patient (78 years at 2-year follow-up); thus, the post-treatment variation in the size of the aneurysm remains unknown.
Furthermore, the duration of pituitary insufficiency and the extent of pituitary compression may also play a role in the endocrine recovery after treatment [5] . While it cannot be precisely ascertained when hypopituitarism started in our patient, his symptoms appeared approximately 2 months before endovascular treatment of the aneurysm, suggesting that this relatively short period may have been a favorable factor for the partial recovery of the pituitary function.
To date, pituitary dysfunction secondary to supraclinoid ICA aneurysms remains partially specified. While microsurgical or endovascular techniques can help treat aneurysms, pituitary dysfunction warrants the administration of synthetic equivalents for replacement of insufficient hormones. In addition, as the mechanisms of such type of pituitary dysfunction and the effect of various treatments on different hormones of pituitary function recovery remain unclear, a long-term follow-up of >2 years may yield more information about the post-treatment pituitary function recovery and suggest the medication adjustment for hormone replacement therapy.
